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Abstract - Renewable energy will constitute the backbone of the future sustainable energy systems by forming onsite 
microgrids. This reduces the utility grid burden and outages. Besides, microgrids can address the issues of greenhouse gasses, 
global warming, fossil fuel evaporations, slow start-up/shutdown times, etc. However, their dependency on geography/climatic 
conditions lead to the exhibition of intermittent output characteristics. Moreover, a majority of microgrids must be interfaced 
with the utility grid through power electronic converters, which are static and do not possess any kinetic energy. Due to this 
nature, these systems are highly sensitive to events, and thereby, creating issues with fast detection of islanding during 
abnormalities. Furthermore, for superior power quality, stability, energy yield, reliability, and protection, they must be properly 
coordinated with the utility grid or neighbour microgrids via robust control mechanisms. To study all these factors, lead to a 
better system, it is desired to have a perfect model of the system. Many literary works have developed microgrid models by 
focusing on a very particular aspect or component of it with respect to their area of research. But, comprehensive models are 
much required for many different studies as mentioned above. Further, the comprehensive model helps in detailed system-level 
studies. So, with this intension, this paper proposes the development of comprehensive model of the microgrid which involves 
all its key characteristics/elements. Further, system-level control study is presented to persuade the importance of this proposed 
model. From results, the WJC method is recommended as the best method to design microgrid’s controller. 

Keywords Microgrids, Microgrid model, Renewable energy sources, System modelling, Control study. 

 

1. Introduction 

With the rapid drifting of customer demands in the 
present energy sector, the depletion of fossil fuels, and 
environmental pollution concerns are the primary factors to 
look for alternate ways of electrical power generation. In this 
scenario, renewable energy-based microgrids are identified 
as a prominent solution to address these problems [1]. 
Besides, other major benefits are, reduction of transmission 
line losses and costs, reduced stress on the traditional grid, 
etc., [2]. However, the uncertain nature of the microgrid 
energy generation, low quality of power, high sensitivity to 
abnormalities question the fruitfulness of the microgrids. So, 
many studies are normally required before deployment to 
analyze the characteristics and behaviour of the system under 
certain real-time conditions. These studies include control 
operations, maximum power tracking capacity, fault-tolerant 
capacities, loading effects, momentary fault cases, voltage 

ride-through capabilities, system stability, supply reliability, 
etc. The outcome of these studies may often lead to the 
design of regulators and controllers as required. Hence, to 
perform all such tests and design of high-performance and 
robust controllers to address various issues, a comprehensive 
model of the microgrid is required. Further, the accuracy of 
such model influences the design accuracy of the desired 
controllers or schemes. Hence, the comprehensive model of 
the microgrid should reflect all its typical characteristics by 
involving all the key constituents in the model development. 

A good amount of research has been carried out so far 
for developing microgrid models in different contexts [2-4]. 
For instance, in the energy resource context, the development 
of an equivalent model for photovoltaic cells is discussed in 
[5-7], wind turbine based energy systems were developed in 
[8-10], and an equivalent model of the fuel cell performance 
was presented in [11-14]. Further, an inclusive of multiple 
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renewable energy sources or hybrid energy resources based 
models were discussed in [15, 16]. In all these works, the 
focus was given only to power generation modules while 
developing the models. The other components such as power 
conversion, practical loads, filtering processes, utility grid 
connection, etc., were not considered. Similarly, there were 
many different recent works presented in the literature as 
mentioned in Table. 1, which emphasize the model of a 
specific component or part of the microgrid while developing 
its equivalent model.  

Similarly, there were some models developed to achieve 
certain operational benefits in microgrids. Some of these are 
given as follows. The total net price-based model was 
presented in [36]. This model was used for renewable energy 
system sizing as well as to design the energy management 
schemes. Further, the concept of energy management and its 
requirements were discussed in [37] in detail. Static and 
rotary converter efficacy in microgrids was tested in [38]. 
This system uses hybrid renewable energy sources. 
Similarly, a specific reduced-order small-signal model of AC 
microgrid was presented in [39]. Further, a cluster-level DC 
microgrid modelling was given in [40]. This was used to 
perform various control operations in cluster microgrids 
using the concept of hierarchical event-triggered consensus. 
However, all these models are developed to meet some 
specific requirement of the microgrid system operation, the 
concept of comprehensiveness in model development is still 
substandard in all these cases. 

Hence, by considering the abovementioned importance 
of complete model development for microgrids and based on 
the gaps in state-of-the-art literature works, this paper 
presents the development of a more comprehensive yet 
effective model for the renewable energy-based microgrid. 

Development of this comprehensive model for microgrids is 
the major contribution and novelty presented in this paper. 

To achieve this, initially, models for each discrete 
component are developed and then combined all of them 
tactically to obtain the overall system model. Finally, an 
analysis of how the controller can be designed and selected 
based on the system response is presented using this 
proposed model. This analysis helps in design of suitable 
control systems to achieve superior benefits from microgrids.  

2. Modelling of Microgrid Constituents 

The usual form of the renewable energy-based microgrid 
that is considered for modelling is shown in Fig. 1. It consists 
of various elements such as energy sources, DC-to-DC and 
AC-to-DC converters, inverter, filter, loads, utility grid 
connectivity, and a closed-loop control system to regulate the 
output voltages. This control action is reflected via the PWM 
signals, which are used to modulate the inverter switches. 

The first constituent is the energy resource. Three types 
of sources are considered in the system, viz., photovoltaics 
(PV), wind turbine generator (WG), and fuel cell (FC), which 
are commonly used in practical cases. The output voltage of 
all these energy sources is stepped up to one common DC 
level using DC-to-DC and AC-to-DC converters as required 
and thus forms a DC bus. This DC power is transformed to 
AC by passing through an inverter device. The output power 
of the inverter is filtered for harmonic elimination 
appropriately before feeding to the loads or interconnected to 
the utility grid. The following subsections present the 
development of the equivalent transfer function models of all 
these key constituents of the microgrid. 

 

Table 1. Emphasized components for microgrid modelling presented in the literature 

S.No Paper Theme Key Emphasis Year Reference 
1 Microgrid’s small-signal model with order reduction concept Inverter 2015 [17] 
2 Model of coordinated control schemes in AC microgrid Controller 2016 [18] 

3 Development of the microgrid model for commercial building 
application Sources and Load 2016 [19] 

4 Dynamic load model for the analysis of microgrid performance  Load 2017 [20] 
5 Model for RESS analysis with energy storage Storage unit 2018 [21] 
6 Internal model-based controller for inverter-based microgrid Inverter and Controller 2018 [22] 
7 Power electronic converters’ modelling for DC microgrid application Converters 2018 [23] 
8 Model of an islanded no-inertia microgrid Sources and Filter 2018 [24] 
9 PID controller for islanded microgrid’s voltage control Controller 2018 [25] 

10 Short circuit fault-based transient model of VSC based DC microgrid Converter 2019 [26] 
11 The measurement-based equivalent dynamic model of microgrids Controller and Load 2019 [27] 
12 Modelling of AC and DC microgrid Sources and Converters 2019 [28] 
13 Model of renewable hybrid PV-PEMFC system Energy Source 2019 [29] 
14 Design of a residential PV-battery based microgrid system Sources and Converters 2020 [30] 
15 Neural network-based microgrid equivalent model development Controller 2020 [31] 
16 Computational model for PV cell Energy Source 2020 [32] 

17 Modelling of inverter-based microgrid considering system 
harmonics Filter and Controller 2020 [33] 

18 Model predictive control model for grid connected inverter control Controller 2020 [34] 
19 System identification based simplified microgrid model Sources and Load 2020 [35] 



INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH  
K. Sandeep Rao and Y. V. Pavan Kumar, Vol.11, No.1, March, 2021 

 225 

 
Fig. 1. Schematic of the microgrid system involving renewable energy. 

2.1. Photovoltaic (PV) Cell Modelling 

In solar panels, PV cells are the primary and significant 
components. In the solar panel, all the PV cells are 
interconnected to form a single unit. The output of the PV 
cell depends on environmental conditions such as solar 
radiation, temperature, etc. Further, it also depends on some 
internal factors such as, the type of material with which it is 
fabricated, reverse saturation current of the semiconductor 
component, and other parameters. To model the PV cell, 
many approaches were developed such as the single diode 
model, two diode model, multi diode model, etc., [5-7]. 

When the light is incident on the PV cells, the energy in 
the photon gets converted into the electrical current. This 
process can be achieved for the ideal case using the diode 
that is paralleled with the current source. But in practical 
situations, the ideal models cannot give the appropriate 
output. Hence, the non-ideal PV cell model that represents 
the practical case is achieved by connecting the series and 
shunt resistances to the ideal model as shown in Fig. 2. The 
contact resistance of the metal/semiconductor and movement 
of the current via base and emitter of the PV cell are included 
in the model by connecting the series resistance (Rseries). In 
the presence of low light, only a small amount of current is 
generated. To enumerate this problem, a shunt resistance 
(Rshunt) is included. The modelling equations are shown by 
(1) to (5), where, (1) denotes the load current passing through 
Rload, (2) denotes the Thevenin’s equivalent source voltage, 
(3) denotes Thevenin’s equivalent circuit resistance, (4) 
denotes the output voltage appears across Rload, and (5) 
denotes the system gain, i.e., the desired transfer function of 
the PV cell. 

 
Fig. 2. PV cell electrical equivalent model. 

  (1) 

   (2) 

   (3) 

   (4) 

  (5) 

2.2. Wind Turbine Generator (WG) Modelling 

For modelling the WG, a simple wind turbine that is 
combined with a DC power generation via gear is considered 
[8-10]. This can be achieved by using the wind turbine with 
the usage of the AC generator, whose output given to the 
rectifier. The modelling equations of WG are given by (6) to 
(12). Here, (6) denotes the dynamics of the turbine, (7) 
denotes the dynamics of the machine, (8) and (9) denotes the 
machine’s electromotive force and electrical torque, (10) 
denotes the output current equation which is similar to (1), 
and (11) denotes the terminal voltage. Finally, the transfer 
function of WG is obtained as (12), which is similar to the 
transfer function of PV given in (5). 

  (6) 
  (7) 

    (8) 
    (9) 

Thus, the equivalent electrical circuit of the WG is similar to 
that of PV with the following changes:  Ipvs ~ IWC, id ~ IN, Rshunt 

~ REQ, Rseries ~ RM. 
    (10) 
     (11) 

    (12) 

Where, JTB, JMC are the moment of inertia of the turbine and 
machine respectively; BTB, BMC are the friction coefficient of 
the turbine and machine respectively; ꞶTB, ꞶMC are the 
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angular speed of the turbine and machine respectively; Tw is 
the torque produced by the wind; TM is the torque of the 
machine; TMC is mechanical torque; TE is electrical torque; KT 

is the machine’s torque constant; IWC is wind current; IN is the 
nonlinear current (= (1-η)IWC); η is the power coefficient that 
represents the power conversion efficiency of mechanical 
energy to electrical energy; RM is the machine’s phase 
resistance. 

2.3. Fuel Cell (FC) Modelling 

Among the considered renewable energy sources, PV 
and WG efficacy depends on the environmental conditions. 
The FC overcomes this problem, as the operation of the FC 
is converting the chemical energy to electrical energy. Many 
types of fuel cells were developed such as Methanol sourced 
FC, Alkaline FC, Proton Exchange Membrane (PEM) FC, 
Solid Oxide FC, etc. In these, PEM FC is the most 
commonly used because of its high power and energy 
densities as well as low operating temperature. The electrical 
equivalent circuit of the Proton Exchange Membrane FC is 
used in this paper as shown in Fig. 3. For developing this 
circuit model, the concentration losses, activation losses, and 
ohmic losses are considered [11-13]. 

 
Fig. 3. FC electrical equivalent model. 

   (13) 

  (14) 

 (15) 

The modelling equations of FC are shown through (13) to 
(15). Where, Vin, Vout denotes the input and output voltages 
respectively. Ra, Rc, Ro denotes the activation losses, 
concentration losses, and ohmic losses respectively. Equation 
(13) gives the load voltage, (14) gives the source equivalent 
resistance, and (15) gives the system transfer function. 

2.4. Boost Converter Modelling 

The boost converter is a nonlinear system, so, the transfer 
function method can’t be used directly to develop its model. 
Hence, for modelling of the boost converter system, the state-
space (SS) method is used and finally, the transfer function 
can be obtained by linearizing the system equations [41]. The 

general SS model is represented by (16), which is the 
combination of state equation ( ) and output equation (Y). 
The matrices of the system relations, input, output, and feed-
forward relations are denoted as A, B, C, and D respectively. 
Similarly, X, Y, and U denote the state vector, output vector, 
and the input vector respectively. 

 (16) 

The boost converter operation includes two states. In state-1, 
the switch is on as shown in Fig.4(a) and in state-2, the switch 
is off as shown in Fig.4(b). The resultant modelling equations 
are derived as given by (17) to (29) in the following steps. 

 
Fig. 4. Boost converter modes of operation. 

Step-1: Obtaining SS Model of State-1 

From Kirchhoff voltage and current laws,  
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Therefore, the SS form is, 
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 (20) 

Step-2: Obtaining SS Model of State-2 

From Kirchhoff voltage and current laws, 
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   (22) 
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     (24) 

Step-3: Obtaining SS Model of the Total Circuit 

The SS model of the overall circuit can be obtained by 
finding the average of the above two steps. Hence, by using 
the state-space averaging method given in (25), the average of 
(20) and (24) is obtained as (26). 

 (25) 

  (26) 

Step-4: Obtaining Transfer Function of the Total Circuit 

The combined SS model obtained in (26) is converted to 
the transfer function representation by using (27). Hence, the 
overall system transfer function is derived as (28). Where ‘r’ 
represents the duty ratio. By assuming a smaller value for ‘r’, 
(28) is simplified as (29).  

  (27) 

(28) 

   (29) 

2.5. Converters (AC-to-DC and DC-to-AC) Modelling 

Generally, to convert the AC to DC and to convert DC to 
AC, diode-based or any other controlled semiconductor-
based rectifiers and inverters are used respectively [42]. 
Especially, the operation of the inverters depends on the state 
of the switches, such as MOSFET, IGBT, Thyristors, etc. The 
inverter operates in two modes as shown in Fig. 5. In mode-1, 
switches S1 and S2 are switched on, S3 and S4 are off, which 
produces a positive step in the output. Similarly, in mode-2, 
switches S3 and S4 are on, S1 and S2 are switched off, which 
produces the negative step in the output. Now by increasing 

the number of steps, a waveform that is more approximated to 
the sine wave is obtained. The increase in steps can be 
obtained by increasing the number of switches, which are 
called multilevel inverters [43]. 

 
Fig. 5. DC-AC converter and its modes of operation. 

However, as all these components hold lower power 
losses, their effect in high power circuits like microgrids is 
negligible. Hence, the transfer function of these converters 
(rectifier/inverter) is approximated to unity in this paper. 

2.6. Filter Circuitry Modelling 

The inverted output is usually non-sinusoidal due to the 
stepped nature injected by the switching devices, which is 
termed as the harmonic voltage. So, to obtain the desired 
waveform closer to the sinusoidal nature, the output of the 
inverter is passed through a filter device before feeding it to 
the load or utility grid. For this purpose, a low pass RLC 
filter is used as shown in Fig. 6. The model of this circuit is 
derived as given in (30), where, Vout denotes the voltage 
across the capacitor (output voltage) and Vin denotes the 
inverter output voltage that is given as input to the filter [44]. 

     (30) 

 
Fig. 6. Filter equivalent circuit. 
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Three different types of loads are considered for the load 
circuit modelling as shown in Fig. 7. In this, one dominant 
inductive load branch is considered to represent large power 
consumers or industrial applications, such as transformers, 
induction furnaces, gaseous tube lighting ballasts, etc. 
Similarly, a dominant capacitive load branch is considered to 
represent synchronous motors, motor starter circuits, power 
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an inductive and resistive branch is chosen to represent 
domestic or medium current applications such as motors, 
fans, etc. The series resistor represents the transmission 
losses. The modelling of the load is given in (31) to (32), 
where, (31) represents the voltage across the capacitor 
(output voltage) and (32) represents the gain or transfer 
function of the load circuit. For convenience, it is assumed 
that all the inductor loads are the same (i.e., L1=L2=L) and all 
the resistances are the same (i.e., R1=R2=R). 

 
Fig. 7. Load equivalent circuit. 

       (31) 

   (32) 

3. Model of the Total Microgrid System  

The logical diagram shown in Fig. 8 is developed as a 
combination of all the key constituents that are modelled in 
the previous section, to derive the transfer function of the 
overall microgrid system. Where, 

§ X = Transfer function of PV derived as (5) × Transfer 
function of boost converter derived as (29). This is obtained 
as given in (33). 

  (33) 

§ Y = Transfer function of WG derived as (12) × Transfer 
function of the AC/DC converter. This is obtained as given 
in (34). 

      (34) 

§ Z = Transfer function of FC derived as (15) × Transfer 
function of boost converter derived as (29). This is obtained 
as given in (35). 

  (35) 

 
Fig. 8. The logical diagram to obtain the overall microgrid 

system transfer function. 

Hence, the total model can be obtained as a combination 
of (30), (32), (33), (34), (35) that are arranged in a sequence 
as given in Fig. 8. This is computed as (36). This final model 
can be appropriately simplified based on the substitution of 
its parameter values that are designed for the considered 
application. For simplicity, this paper assumes the value of 
all the resistors equal to 1 ohm, capacitors equal to 1 farad, 
and inductors equal to 1 henry. Hence, the final simplified 
transfer function model of the overall microgrid system is 
derived as given in (37). 

4. System-Level Control Study of the Microgrid with 
Simulation Results 

In the area of control system studies, the system transfer 
function has a critical role. This helps in the design of 
various control logics and further adjustment of effective 
control parameters to obtain user desired responses from the 
system. Especially in the microgrid context, the transfer 
function is useful in many ways, such as to design maximum 
power tracking algorithms, droop control mechanisms to 
optimally share the energy resources between multiple loads, 
islanding mechanisms, the study on control operations to see 
the impact on system response, etc. 

To persuade the importance of the proposed 
comprehensive transfer function model in this paper, control 
studies are performed to understand how the controller 
design influences the system response. To do this, three test 
cases are executed as given follows and the observations are 
summarized in the following subsections. The system 
schematic shown in Fig. 9 is realized in the Simulink tool for 
the control study. 
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Fig. 9. Schematic of the closed-loop control system formed with the comprehensive transfer function. 

 
Fig. 10. Simulink model of the microgrid with PID controller tested with various gain values and disturbance. 

§ Case-1: Analysis of the impact of the controller on the 
system response 

§ Case-2: Analysis of the impact of the controller on the 
system gain 

§ Case-3: Analysis and selection of the best controller for the 
microgrid application 

4.1. Analysis of the Controller’s Impact on System Response 

To understand the impact of the controller on the system 
response, the microgrid’s closed-loop control system 
schematic shown in Fig. 9 is simulated with and without the 
controller and disturbance. Proportional-Integral-Derivative 
(PID) controller, which is a widely used controller for many 
practical and industrial applications is used as the controller 
in this study. Different gain parameters are applied to the 
PID controller and observed its influence on the system 
response under the normal operating condition as well as 
under disturbance condition. The corresponding simulation 
model used to study all these variations is shown in Fig. 10. 

4.1.1. System Response Analysis with and without 
Controller Under No-Disturbance 

In this analysis, the system response is analyzed with 
and without the inclusion of the controller in the system. The 
PID controller gain parameters are designed using the 
standard methods described in [45]. The corresponding 
simulation results are shown in Fig. 11 - Fig. 13. From these 
results, it is observed that the response of the system without 
the controller doesn’t reach the required output i.e., 1pu as 

shown in Fig. 11. So, there is a need for the controller so that 
the required output can be achieved. Consequently, a PID 
controller is placed in the system and the corresponding 
system response is obtained as given in Fig. 12. This 
inclusion of the controller pushed the response to a level of 
the desired magnitude.  

 
Fig. 11. Step response of the microgrid system without the 

use of any controller. 

 
Fig. 12. Step response of the microgrid system with the 

inclusion of the PID controller. 
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Further, a stability response plot is drawn as shown in 
Fig. 13. From this, it is noticed that the system with the 
controller is more stable than the system without the 
controller based on the computation of phase margin and 
gain margin of the responses. 

 
Fig. 13. The frequency response of the microgrid system 

with and without the controller. 

4.1.2. System Response Analysis with Controller and with 
Disturbance 

Another interesting case study is the analysis of the 
system performance during disturbances. As shown in Fig. 
10, for doing this study, the controller with different PID 
gains with a common disturbance of magnitude 20% of the 
reference input is injected into the system at the time interval 
150sec and removed at 250sec. The responses obtained in 
this study are plotted as shown in Fig.14. Though the 
disturbance rejection is different for different PID gain 
parameter values, from Fig.15, it can be observed that all the 
responses are stable as all the poles lie on the left half of the 
s-plane. Further, it can be observed that the impact of 
disturbance is different for different controller gains. So, this 
analysis helps to identify better PID gain values to provide 
good disturbance rejection capability to the microgrid 
system, which improves its stability. 

 
Fig. 14. The response of the microgrid system under a 

disturbance with variable PID gains. 

 
Fig. 15. Stability response of the microgrid system under a 

disturbance with variable PID gains. 

4.2. Analysis of the Controller’s Impact on System Gain 

From the analysis presented in Section 4.1, it is clear that 
the controller produces the desired response under all 
conditions. However, effective gain parameters have to be set 
for the controller to achieve this. In the PID controller, there 
are three critical parameters, viz., proportional parameter 
(KP), derivative parameter (KD), and integral parameter (KI). 

 
Fig. 16. Stability response of the microgrid system with 

different controller gains. 

 
Fig. 17. Step response of the microgrid system with different 

controller gain values. 

So, the system responses with varying PID gain 
parameters are plotted as shown in Fig. 16 and Fig. 17. From 
Fig. 16, the stability analysis plot, it is observed that though 
there is a variation in PID gain parameters, all the responses 
are stable based on the identification of all corresponding 
system poles, which lies on the left half of the s-plane. From 
Fig. 17, it is seen clearly how the variation of gain 
parameters vary the system gain. 

4.3. Analysis and Selection of the Best Controller for the 
Microgrid Application 

From the analysis presented in Section 4.1 and 4.2, it is 
clear that the controller with suitable gain parameters can 
regulate the system response under normal as well as 
disturbance conditions. So, to identify the precise and best 
gain parameters for the PID controller, various standard 
methods, viz., Ziegler-Nichols (ZN), Chien-Hrones-Reswick 
(CHR), Wang-Jang-Chan (WJC), and Cohen-Coon (CC) are 
implemented [45]. The corresponding gain parameters are 
calculated and given in Table. 2. Time-domain transient 
response analysis and frequency-domain stability analysis are 
conducted to identify the superior method out of these. 

The simulation results of the executed analyses are given 
in Fig. 18 and Fig. 19. The various performance index of 
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both of these response analyses is computed and given in 
Table. 3. From the transient performance index (rise time, 
delay time, settling time, and peak overshoot), the best 
method is identified as the method which produces the 
lowest possible index. From the stability performance index 
(gain margin and phase margin), the best method is identified 
as the method which produces the highest possible index. 
From the cumulative result given in Table. 3, it is seen that in 
most cases, the use of the WJC method leads to the superior 
performance index. Hence, the WJC method can be 

considered as the best method to design the PID controller 
gain parameters for microgrid application. 

Table 2. PID controller gain parameters computed with 
various methods 

S. No Method KP KI KD 
1 ZN 2.950 0.715 3.688 
2 WJC 1.077 0.365 1.346 
3 CHR 1.147 0.764 1.433 
4 CC -1.819 1.505 -2.274 

 

 
Fig. 18. Time-domain transient response of the microgrid system with different controller tuning methods. 

 

       

       

Fig. 19. Frequency-domain stability response of the microgrid system with different controller tuning methods. 
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Table 3. The performance index of the response computed with various methods 

S. 
No Method Rise time Delay 

time 
Settling 

time 
Peak 

overshoot 
Gain 

margin 
Phase 

margin Stability 

1 ZN 0.159 0.134 0.875 0.868 9 179, 1.38 Stable 
2 WJC 0.22 0.18 0.78 0.7 19.5 178, 4.77 Stable 
3 CHR 0.25 0.129 0.88 0.75 18.8 177, 4.42 Stable 
4 CC Infinite Infinite Infinite Infinite Undefined 179, -179 Unstable 
Superior Method ZN CHR WJC WJC WJC WJC  

 
5. Conclusion 

To conduct extensive tests as well as to design full-
fledged and effective control schemes, this paper proposes 
the development of the comprehensive transfer function 
model for renewable energy-based microgrid system. This 
type of model is useful for conducting various system studies 
and to design various protection systems such as islanding 
detection system, control systems, etc. Further, to understand 
how this model helps, various studies on controller design 
are conducted. The disturbance characteristics, time-domain 
transient responses, frequency-domain stability performance, 
etc., are analyzed. Out of these analyses, the WJC method 
has been identified as one of the potential methods to design 
the PID controller for microgrid application.  

From these results and analyses, it is concluded that for 
performing this kind of control studies, the comprehensive 
transfer function plays an important role. 

However, the proposed model in this paper is developed 
with respect to centralized DC bus architecture of the 
microgrid. This is one key limitation of the presented work in 
this paper. The same analysis in the similar way can be used 
to develop comprehensive models for centralized AC bus 
architecture or hybrid-bus architecture of the microgrid. 
These can be considered as the potential future scope works.  
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